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INTRODUCTION
Over the last three decades, experimentation has become fundamental to ecology (Paine 1994 ). The many reasons to embrace an experimental approach are matched by a challenge to experiment effectively. This is because all experiments are contrivances; the aspects of experimentation that afford control, precision, and replication can simultaneously encourage outcomes that are artifacts rather than revelations about nature (Werner 1998) . Of course, ecologists are well aware that experiments can mislead in this way (as evidenced by discussions of "cage effects"). But relatively rarely do we investigate the extent to which our results and conclusions depend on details of experimental protocol, and hence are vulnerable to misinterpretation.
In this report I focus on the issue of experimental venue. One of the primary strategic decisions faced by an experimenter is the choice of setting. While commentators have suggested that tractability must be traded for realism when deciding to experiment within laboratories, in mesocosms, or in the field (Diamond 1986, Hairston 1989, Morin 1998), the effect of venue choice has not been experimentally estimated. Here, I present results from parallel manipulations conducted within comparably scaled mesocosms and mesh field enclosures. I used a target-neighbor design in which a constant density of spring peeper (Pseudacris crucifer) larvae was exposed to a range of larval wood frog (Rana sylvatica) densities in order to estimate the response ' E-mail: david.skelly@yale.edu of P. crucifer growth, development, and survival. The experiment began shortly after hatching and was concluded just before the most developmentally advanced larvae began reaching metamorphosis. This design allowed me to estimate interaction strength between species, and, additionally, to use responses from mesocosms and field enclosures to predict attributes of wild populations. Because I found that venue had strong effects on experimental outcome, I used comparative effectiveness of these predictions as a gauge of the relative realism of the venues.
METHODS
I used a target-neighbor experimental design in which Pseudacris crucifer were targets and Rana sylvatica were neighbors. In each experimental unit, a constant density (20 individuals) of P. crucifer was stocked in the presence of one of four densities of Rana sylvatica (0, 20, 80, or 320 individuals). The experiment was conducted in two venues: mesocosm and field. The definitions of mesocosm and field vary among systems and scientists. In conducting an experiment on larval amphibians, I used the conventions and typical methods developed to study the residents of small freshwater ponds using mesocosm and fieldbased approaches (e.g., Brockelman 1969, Wilbur 1972 , 1987 , Morin 1983 Surviving larvae were collected from mesocosms and enclosures on 7 and 8 June 2001. The experiment was concluded just before the most developmentally advanced larvae began reaching metamorphosis (Gosner stage 42, Gosner 1960) and well before drying of any of the four natural ponds included in the experiment. Upon retrieval, larvae were weighed to the nearest milligram and then preserved in a solution of 70% ethyl alcohol for later staging. Simultaneous with the takedown of the experiment, an additional 20 R. sylvatica larvae were collected from the wild population resident in each of the four experiment ponds. Wild tadpoles were collected by sweeping a dipnet in areas throughout the pond basin. These animals were similarly weighed and preserved for later staging.
I used analysis of variance to evaluate the influence of venue and R. sylvatica density on the survival (arcsine-transformed proportion), growth (final mass, in milligrams), and development (final Gosner stage) of P. crucifer. Scheff6 tests were used to evaluate differences among the density treatments in each venue and were calculated in each case where a significant effect of R. sylvatica density was detected by ANOVA.
Linear regression was used to estimate the relationship between log-transformed final mass and stocking density of R. sylvatica in both mesocosms and field enclosures. The average mass and density of wildcaught R. sylvatica was compared to 95% confidence intervals around these relationships. Density of wild R. sylvatica was estimated using pipe sampling (based on a total of 10 visits to four natural ponds). Pipe sampling (Skelly 1996) involves the use of a 30-cm-diameter pipe that is dropped through the water column of natural ponds and sealed against the benthic litter. The captured volume of water within the pipe is then cleared using a dipnet. The pipe sampler is used repeatedly within a pond (12-64 samples per pond) in order to generate an estimate of the number of larvae per square meter.
RESULTS
P. crucifer larvae grew from an initial mass of 10 mg to a final mass of 173 mg, on average. Final mass (Fig. la) Sixty-nine percent of all P. crucifer survived to the conclusion of the experiment (Fig. Ic) As an assay of the relative realism of the venues, I used information from the experiment to predict attributes of wild anurans in natural ponds. Each of the experiment ponds contained naturally present populations of R. sylvatica. Samples of these larvae were captured from each pond at the time the experiment was concluded. Responses from experimental units were used to predict body mass of these samples; R. sylvatica survived well in mesocosms and field enclosures (overall average survivorship: 8 1%). Fig. 2 shows the predicted relationships (and confidence intervals) between R. sylvatica larval density and body mass based on responses from mesocosms and from mesh field enclosures. The additional point plotted in Fig. 2 is the average mass of wild larvae collected at the termination of the experiment plotted against the average density of wild larvae. Estimates of mass and density of wild R. sylvatica larvae put them well outside the 95% confidence intervals generated from mesocosms, and well within confidence intervals around the relationship based on field enclosures. Thus, responses from mesocosms provided a poor basis for prediction, while responses from mesh field enclosures were excellent predictors of responses by wild populations. , the venue for an experiment usually has been treated as a methodological issue rather than an object of study. In considering venue, it has been suggested (Hairston 1989, Morin 1998) that setting should be chosen based on the degree to which the experimenter was willing to give up one set of advantages (e.g., precision, control), for another (e.g., realism). While such frameworks are undoubtedly useful in considering the merits of working in different venues, the architecture of this trade-off remains largely unquantified. It may be difficult for ecologists to make the best decisions regarding venue without knowing how large the advantages or disadvantages of a given venue really are.
In this study, I attempted to estimate realism in order to compare mesocosm and field venues. Specifically, I used the responses of individuals from experimental units as a basis for prediction of the same attributes of individuals from wild populations (Fig. 2) . This comparison suggests that mesocosms yielded relatively unrealistic responses. Growth in mesocosms provided a poor basis for predicting the growth of wild R. sylvatica. In fact, R. sylvatica larvae reared in mesocosms reach sizes rarely seen in natural populations in Connecticut (D. K. Skelly, unpublished data). By contrast, predictions based on growth in field enclosures provided a close fit to responses by wild R. sylvatica.
That mesh field enclosures provide experimental outcomes which may be more realistic than experiments conducted in artificial ponds is not necessarily surprising. As predicted (Hairston 1989, Morin 1998), there is a downside to moving out of the field environment to conduct an experiment. However, for many ecologists and others (e.g. ecotoxicologists) the motivation for using mesocosms instead of the laboratory environment is the perception that mesocosms will provide a relatively realistic setting (e.g., Odum 1984 
